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Background: The diagnosis of epilepsy should be made as early as possible to give a child the best chance for
treatment success and also to decrease complications such as learning difficulties and social and behavioral
problems. In this study, we aimed to assess the ability of magnetic resonance spectroscopy (MRS) in detecting the
lateralization side in patients with Temporal lobe epilepsy (TLE) in correlation with EEG and MRI findings.
Methods: This was a case–control study including 40 patients diagnosed (clinically and by EEG) as having temporal
lobe epilepsy aged 8 to 14 years (mean, 10.4 years) and 20 healthy children with comparable age and gender
as the control group. All patients were subjected to clinical examination, interictal electroencephalography and
magnetic resonance imaging (MRI). Proton magnetic resonance spectroscopic examination (MRS) was performed to
the patients and the controls.
Results: According to the findings of electroencephalography, our patients were classified to three groups: Group 1
included 20 patients with unitemporal (lateralized) epileptic focus, group 2 included 12 patients with bitemporal
(non-lateralized) epileptic focus and group 3 included 8 patients with normal electroencephalography. Magnetic
resonance spectroscopy could lateralize the epileptic focus in 19 patients in group 1, nine patients in group2 and
five patients in group 3 with overall lateralization of (82.5%), while electroencephalography was able to lateralize
the focus in (50%) of patients and magnetic resonance imaging detected lateralization of mesial temporal sclerosis
in (57.5%) of patients.
Conclusion: Magnetic resonance spectroscopy is a promising tool in evaluating patients with epilepsy and offers
increased sensitivity to detect temporal pathology that is not obvious on structural MRI imaging.
Keywords: Temporal lobe epilepsy, Electroencephalography, Magnetic resonance spectroscopy, ChildrenBackground
The overall incidence of new-onset epilepsy in children
ranges from 33 to 82 per 100,000 children per year, and
approximately half- to two-thirds of these children have
focal-onset seizures [1]. However, the exact incidence of
Temporal lobe epilepsy (TLE) is not known, as the specific
lobe of onset is not specified in most incidence studies.
Symptoms of epilepsy may be difficult to recognize in
children and adolescents, as not all seizures involve ob-
vious convulsions. Sometimes symptoms are far more* Correspondence: Seham_Azab@yahoo.com
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unless otherwise stated.subtle, and these “hidden signs” may appear to fall
within the range of normal childhood behavior, or in
an adolescent, may be misinterpreted as psychological
problems [2].
Epilepsy of temporal lobe origin is characterized by
considerable heterogeneity in clinical history, ictal symp-
toms, electroencephalographic characteristics and neu-
roimaging finding [3].
Temporal lobe epilepsy (TLE) with seizure onset from
the mesial temporal lobe structure is recognized as a
syndrome of mesial temporal lobe epilepsy (MTLE) and
it comprises the majority of cases of epilepsy refractory
to pharmacotherapy [4].his is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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encephalography (EEG) may show the following: No
abnormality, slight or marked asymmetry of the back-
ground activity, temporal spikes; sharp waves and/or
slow waves, unilateral or bilateral, synchronous or asyn-
chronous, these findings are not always confined to the
temporal region [5].
On magnetic resonance images (MRI), mesial tem-
poral sclerosis displays hippocampal atrophy, prolonged
T2, and structural distortion. These changes may be
assessed both qualitatively or by means of hippocampal
volumetry and T2 relaxometry, which increase MR
imaging sensitivity, even after quantitative studies, about
20% of patients with TLE have negative structural MR
images [6]. Hydrogen spectroscopic imaging depicts
the anatomic distribution of metabolite signals from
N-acetylaspartate (NAA), creatine (Cr) and choline (Cho)-
containing compounds, NAA is of major interest due
to its predominantly neuronal distribution, reduction of
NAA signal is usually interpreted as loss or dysfunction of
neurons [7] Previous studies have shown that interictal
NAA is reduced in the ipsilateral mesial temporal lobe,
assisting in the lateralization of TLE even in cases with
negative structural MR images [8]. Proton magnetic reso-
nance spectroscopy (1HMRS) has been proposed as a
method for the preoperative evaluation of patients with
medically intractable temporal lobe epilepsy [9,10]. In this
study, we aimed to assess the ability of magnetic resonance
spectroscopy (MRS) in detecting the lateralization side in
patients with TLE in correlation with EEG and MRI
findings.
Methods
This was a case control study performed in Zagazig
University hospital from January 2011to December 2014.
The study included 40 children and adolescents diag-
nosed (clinically and by EEG) as having temporal lobe
epilepsy while attending Pediatric outpatient neurology
clinic in Zagazig University Hospital. The age of the
patients ranged from 8 to 14 years (mean, 10.4 years).
Twenty healthy children of comparable age and gender
served as a control group. The diagnosis of TLE was
based on clinical history and seizures description accor-
ding to the International League Against Epilepsy (ILAE)
1989 [5] as it defined TLE as a localization related epi-
lepsy with typical clinical and EEG characteristic and it
includes, simple partial, complex partial, secondary gen-
eralized or a combination of both.
Out of 40 patients 11 patients presented with simple
partial seizures which was recognized by maintained con-
scious level and absence of automatism. Nine of them had
simple motor seizures and the remaining two patients had
simple sensory seizures (tingling and numbness). On the
other hand 16 patients presented to us with features ofcomplex partial seizures with automatic behavior and im-
paired consciousness. Video recordings of the parents
have helped us to establish the diagnosis of these patients.
The remaining 13 patients had partial seizures with
secondary generalization (the onset of motor fits were
mostly reported to start from the angle of the mouth or
the upper limb).
Patients were excluded if the imaging study (by MRI)
revealed any focal abnormalities other than mesial tem-
poral sclerosis (MTS). So that patients included in the
study are having temporal lobe epilepsy due to mesial
temporal sclerosis or unknown cause.
Then we divided our TLE patients according to EEG
finding into 3 groups;
Group 1 (n = 20): patients with EEG finding lateralized
to one temporal lobe (unitemporal) and their mean age
was 10.2 ± 2.6 years.
Group 2 (n = 12): patients without lateralization of
the focus by EEG (bitemporal) with a mean age of
9.8 ± 1.7 years.
Group 3 (n = 8): patients clinically diagnosed as
TLE with normal EEG and their mean age was
11 ± 2.9 years.
All patients and controls included were subjected to
proper history taking, thorough clinical neurological
examination and MRS examination. Video scalp EEG
and MRI brain were performed to the patients.
Electroencephalography (EEG) was done to all patients
using the Stellate Harmonie system. This system has a
standard number of 28 channels. During this procedure,
the EEG is recorded for a prolonged period, accom-
panied by continuous closed-circuit video observation.
The digitalized EEG and recorded behavior are displayed
simultaneously, allowing point-to-point correlations of
recorded events and any accompanying electrographic
changes.
During video-EEG monitoring, the patient wears an EEG
transmitter connected to coaxial cable. Wall-mounted
video cameras provide continuous behavioral observation.
Both EEG and video signals are transmitted to the EEG re-
cording device, The EEG signal and video are displayed
simultaneously for on-line observation, and both are re-
corded on hard drive or DVDs.
The entire duration of the EEG evaluation was analyzed,
a sharp wave was considered epileptiform when it had a
sharp morphology, duration of < 200 ms, and was clearly
distinct from EEG background. Unitemporal interictal dis-
charges (IEDs) required a minimum of 80% of latera-
lization. In patients with <80% of interictal EEG onset
lateralized to one side were considered bitemporal IEDs [7].
All patients underwent conventional MRI study at
1.5-Tesla MR units (Achiva; Philips Medical Systems,
Table 1 Demographic data of the patients
Group 1 Group 2 Group 3 P
n = 20 n = 12 n = 8
Age (years) 10.2 ± 2.6 9.8 ± 1.7 11 ± 2.9 0.88
Gender (M/F) 11/9 6/6 5/3 0.84
Duration of epilepsy (years) 2.3 ± 0.8 1.9 ± 0.6 2.1 ± 1 0.8
Previous insult:
Febrile convulsions 4 2 1 0.77
CNS infection 2 1 0 0.56
P value < 0.05 indicates a significant difference.
Table 2 Metabolic ratio by MRS in the 3 groups of
patients and control group
Group 1 Group 2 Group 3 Control P-value
n = 20 n = 12 n = 8 n = 20
NAA/Cr (Lt) 1.68 ± 0.4 1.64 ± 0.6 1.63 ± 0.5 1.90 ± 0.26 0.04
NAA/Cr (Rt) 1.58 ± 0.4 1.59 ± 0.5 1.57 ± 0.48 1.99 ± 0.31 0.02
NAA/Cr: N-acetyl aspartate/creatin ratio, Lt: Left, Rt: Right. P value < 0.05
indicates a significant difference.
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weighted images (TR 500 ms/TE 15 ms/slice thickness
5 mm/slice gap 1.5 nun), axial FLAIR (TR 6000 ms/TE
120 ms/TI 2000 ms thickness 5 mm/slice gab 1 mm).
Thin coronal sections were obtained for temporal lobes,
included T2WI (TR 3000 ms/TE 80 ms) and FLAIR
images (TR 6000 ms/TE120ms with TI 2000).
Single-voxel proton MR spectroscopy was carried out
immediately after MR imaging with an 8 cm3 voxel
(2X2X2 cm) positioned over the mesial temporal lobe at
thin coronal T2 WI or FLAIR, including a part of the
hippocampus. A point-resolved spectroscopy (PRESS)
with chemical-shift selective (CHESS) water suppressed
spectroscopic images were acquired. The acquisition pa-
rameters used were: TR of 1000, TE of 35 ms, a field of
view of 240 × 240 mm, and 32 × 32 phase encodes with a
slice thickness of 1 cm. An automatic and operator-
nondependent processing scheme was achieved to analyze
the spectra recorded for our study. The signal intensity of
various metabolite peaks was evaluated in every voxel,
using integrals of each peak as a measure of its intensity.
Three resonances of the important metabolites were iden-
tified: NAA at 2.02 ppm, Cr at 3.02 ppm, and Cho at
3.22 ppm. The relative ratios of NAA to Cr were
estimated for both temporal lobes of each patient and
control group.
Ethics
Informed parental consent was obtained to be eligible
for enrollment into the study. The study was done ac-
cording to the rules of the Local Ethics Committee of
Faculty of Medicine, Zagazig University, Egypt.
Statistical methods
SPSS version 19 was used for data analysis. The data are
expressed as the mean ± SD or median (min-max) where
appropriate. Test selection was based on evaluating the
variables for normal distribution using the Shapiro-Wilk
test. If the variables had a normal distribution, Student’s
t-test was used. If the variable did not have a normal dis-
tribution, the analysis was done using the Mann–Whitney
U test. Categorical data were evaluated by Pearson’s chi-
square test. The correlations between variables were
performed by Pearson’s Correlation test. P < 0.05 was con-
sidered significant.
Results
The demographic characteristic of the 3 groups of pa-
tients were illustrated in (Table 1). Group 1 included 20
patients (11 males and 9 females) with EEG finding
lateralized to one temporal lobe (unitemporal) and their
mean age was 10.2 ± 2.6 years. Group 2 included 12
patients (6 males and 6 females) without lateralization
of the focus by EEG (bitemporal) with a mean age of9.8 ± 1.7 years. Group 3 included 8 patients (5 males and
3 females) clinically diagnosed as TLE with normal EEG
and their mean age was 11 ± 2.9 years. There was no
significant difference between the 3 groups as regards
age, gender, duration of epilepsy or previous insult
(P > 0.05), respectively.
When we compared the metabolic ratio (NAA/Cr
ratio) between the 3 groups of patients and the control
group we found that there was a significant difference
between the patients and the control groups with a
decreased level in the patients groups (Table 2).
When we study the ability of 1HMRS and MRI to
localize the side of epileptic focus in comparison with
EEG, we found that, in the first group with unitemporal
localized IEDs in EEG (20 patients) the epileptic focus was
unilateral in 15 patients and bilateral with left or right pre-
dominance in 5 patients, in this group 1HMRS abnorma-
lities (decreased NAA/Cr ratio) were lateralized in 19 out
of 20 patients (95%) as it was unilateral in 16 patients and
bilateral with left or right predominance in 3 patients and
MRS was normal in 1 patient, while in this group MRI de-
tected abnormalities with mesial temporal sclerosis (MTS)
lateralized to one side in 11 (55%) patients out of 20 pa-
tients and the remaining 9 patients; 4 patients had nonla-
teralized lesions and 5 patients had normal MRI.
MRI abnormalities are solely related to mesial tem-
poral sclerosis as other focal MRI abnormalities were ex-
cluded from the study. These MRI findings included
reduced hipoocampal volume, increased T2 signal inten-
sity with or without volume change and or loss of inter-
digitations of hippocampus.
The second group included 12 patients with bitemporal
nonlateralized IEDs on EEG, we found that 1HMRS
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lateral in 6 patients and bilateral with one side predomi-
nance in 3 patients and the other 3 patients (25%) showed
bitemporal metabolic abnormalities with no lateralization,
meanwhile MRI showed abnormalities in 9 patients (75%)
and it was normal in 3 patients (25%).
The third group of patients with TLE included 8 pa-
tients with normal EEG, we found that 1HMRS detected
metabolic abnormalities in 7 patients (87.5%); 5 patients
(62.5%) with unitemporal lateralized lesions and 2 pa-
tients (25%) with bitemporal metabolic abnormalities
without lateralization, and one patient (12.5%) had nor-
mal MRS meanwhile MRI showed abnormalities latera-
lized to one side in 3 patients in this group (37.5%) and
2 patient (25%) had nonlateralized lesion and 3 patient
(37.5%) had normal MRI (Table 3).
Out of 40 patients with TLE; EEG detected late-
ralization of IEDs in 20 patients (50%) while 1HMRS de-
tected metabolic abnormalities lateralized to one side in
33 patients (82.5%) and MRI detected lateralized abnor-
malities in 23 patients (57.5%) (Table 3).
When we study the correlation between IEDs on EEG
and metabolic changes by 1HMRS we found that there
was a significant negative correlation between IEDs and
NAA/Cr ratio (Table 4). IEDs was related to the meta-
bolic changes but without strict related lateralization
(Figures 1 and 2).
Discussion
In adults, TLE is characterized by a well described semi-
ology that includes gastric auras, arrest of activity, auto-
matisms, and altered consciousness, but in contrast,
seizures in children have a much wider clinical spectrum
depending on the age of the child [11]. In the managementTable 3 Comparison between EEG, 1HMRS and MRI for lateral
EEG lateralization N (%) Lateralized
Strictly lateralized
Lateralized with side Predominance
Non lateralized
Normal EEG
1HMRS lateralization N (%) Lateralized
Strictly lateralized
Lateralized with side Predominance
Non lateralized
Normal MRS
MRI lateralization N (%) Lateralized
Non lateralized
Normal MRI
1HMRS: Magnetic resonance spectroscopy, MRI: Magnetic resonance imaging, n: Nuof temporal lobe epilepsy, exact lateralization of seizure
focus with a noninvasive study is crucial, because surgical
resection of the epileptogenic lesion results in good out-
come and a failure to lateralize the focus with noninvasive
examination may lead to an invasive study or to additional
surgery for placement of intracranial electrodes, which
may have potential risks [12].
However, many sources of temporal lobe epilepsy, in-
cluding hippocampal sclerosis and developmental anom-
alies, may not be recognized, even by a variety of MR
imaging techniques, including MR volumetry and mea-
surement of T2 relaxation time [3]. Preliminary reports
on proton MRS have noted that it is a promising neuro-
imaging modality and most MRS studies in patients with
temporal lobe epilepsy have shown a decrease in NAA,
and NAA/Cr ratio [13] and this result was in agreement
with our results as we found that NAA/Cr ratio decreased
significantly in patients with TLE than in controls.
Hammen and colleagues [14] reported that the role of
NAA is not established in detail. First reports attributed
NAA reduction to irreversible neuronal tissue degene-
ration and cell loss, but in later studies, alteration of NAA
were also associated with neuronal dysfunction reflecting
a reversible, dynamic state not principally characterized by
tissue damage. Later studies focusing on neuronal dys-
function rather than cell death showed that NAA reduc-
tion is mainly based on mitochondrial pathway.
The aim of our study was to investigate whether pro-
ton MRS in patients with TLE can detects the side of
epileptic focus (side of lateralization) in relation to EEG.
We found that 1HMRS detected side of lateralization in
(82.5%) of patients while MRI detected abnormalities
in (57.5%) and EEG detected lateralization in (50%)
of patients.ization of the side of the lesions
Group 1 Group 2 Group 3















Table 4 Correlation between 1HMRS metabolites and
interictal epileptiform discharges
r P
Lt IEDs vs Lt NAA/Cr −0.238 >0.05
Rt IEDs vs Rt NAA/Cr −0.355 >0.05
All IEDs vs all NAA’Cr −0.599 <0.05
Lt IEDs: Left interictal discharges; Rt IEDs: Right interictal discharges; Lt NAA/Cr: Left
N-acetyl-aspartate/creatine, Rt NAA/Cr: Right N-acetyl-aspartate/creatine.
P value < 0.05 indicates a significant difference.
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were strictly lateralized and 5 patients showed left or right
predominance). MRI detected lateralization in 23 patients.
HMRS detected lateralization in 33 patients (27 of them
strictly lateralized) and so it has detected lateralization in
13 patients more than that detected by EEG study and inFigure 1 A patient with temporal lobe epilepsy; EEG showed bitemporal in
lobes showed abnormal high signal with atrophic changes at MRI (B), whil
lobes more evident at right side (C), denoted right side lateralization, Left s10 patients over than those detected by MRI. This finding
clarify that HMRS was more sensitive in detection of
lateralization. We could explain that in these cases the
MRS certainly adds something to the diagnosis, but not
enough to induce a choice of surgical strategy.
The results of the EEG (its ability in detecting the
epileptic focus) was in agreement with Ebnor and Hopp
[15] as they reported that bitemporal spikes or sharp
waves, maximal on the side of seizure origin, occur in
25% to 50% of patients with TLE. But in Foldvary and
colleagues [16] study, they found that epileptic discharges
are absent on serial recordings in 10% of patients with
TLE. On the other hand, Blume [17] suggested that
the lack of temporal lobe epileptic form activity of TLE
in about three routine EEGs needs reassessment of
the diagnosis.terictal discharges without lateralization (A), both mesial temporal
e at MRS showed abnormal decrease of NAA/Cr ratio at both temporal
ide NAA/Cr = 1.5 (D). Right side NAA/Cr ratio = 1.1.
Figure 2 A patient with temporal lobe epilepsy: EEG showed left temporal spikes and sharp waves with phase reversal.
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we found that there was a significant negative corre-
lation between IEDs and NAA/Cr ratio and these results
were concordant with most of the previous studies as;
Garcia and colleagues [18] studied 16 patients with tem-
poral lobe epilepsy by EEG and 1HMRS and they found
that decreasing NAA correlated with increased spike fre-
quency, and Sarles and colleagues [19] studied 14 pa-
tients with frontal and temporal lobe epilepsy and they
found that there was an overall trend in which spike fre-
quency and NAA/Cr ratio were correlated inversely, al-
though the results did not reach statistical significance,
the trend was obvious.
Also, Maton and colleagues [20] in their study on 31
patients with TLE found that lateralized 1HMRS based
hipocompal abnormalities were recorded in 95% of the
patients with unilateral interictal epileptiform abnorma-
lities and they found that bilateral metabolic 1H MRS-
based abnormalities were recorded 3 times more often
than was bitemporal EEG spiking, and Hammen and
colleagues [14] studied 14 patients with TLE and they
found a significant negative correlation between NAA
values and degree of IEDs in intensive video EEG re-
cording and also there were a significant negative cor-
relation between duration of seizures and NAA/Cr ratio.
While Park and colleagues [21] in their study of 34 pa-
tient with mesial TLE found that reduced NAA/Cr ratio
were correlated to IEDs contralateral but not ipsilateral
to the EEG focus. They interpreted these results as a
triggering pathomechanism located contralateral to theunderlying EEG focus propably generating independent
contralateral IEDs.
In our study MRI detected changes in 23 (57.5%) out
of 40 patients and 11 patients had normal MRI. Out of
these 11 patients, MRS showed changes in 9 patients.
This results were in agreement with Connelley and col-
leagues [22] in their study of 25 patients as they found
that 19 patients (76%) were believed to have hipocampal
sclerosis. Also Connelly and colleagues [23] in a different
study found that MRS could detect metabolic abnorma-
lities in patients with normal MRI and they concluded
that MRS clearly provides an added value to MRI and
enhance the sensitivity of global MR examination.Conclusion
MRS is a noninvasive neuroradiology technique. It is a
promising tool in evaluating patients with epilepsy and
offers increased sensitivity to detect mesial temporal pa-
thology that is not obvious on structural MRI imaging.
So, EEG and clinical data, in conjunction with magnetic
resonance imaging (MRI) and magnetic resonance spec-
troscopy (MRS) results, help the localization of the epi-
leptogenic zone in patients with TLE.Abbreviations
TLE: Temporal lobe epilepsy; MTLE: Mesial temporal lobe epilepsy EEG
Electroencephalography; MRI: Magnetic resonance imaging; MRS: Magnetic
resonance spectroscopy MTS mesial temporal sclerosis PRESS point-resolved
spectroscopy; CHESS: Chemical-shift selective; 1HMRS: Proton magnetic
resonance spectroscopy IEDs inter ictal discharges.
Azab et al. Italian Journal of Pediatrics  (2015) 41:32 Page 7 of 7Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SFA and LMS participated in the design, collected samples and also participated
in the analysis of data and discussion. SS and ME participated in the design of
the study and performed the statistical analysis. AGS, WE and MA reviewed the
results and discussion. EAB, HS and RME participated in the design of the study
and helped to draft the manuscript. KA conceived of the study and performed
neuroimaging. All authors read and approved the final manuscript.
Acknowledgment
The authors thank the staff of Outpatient Clinics in Zagazig University
Children’s Hospital for their collaboration as well as our patients who
participated in the study. Our institutional review committee of ethical
research approved the study.
Received: 8 January 2015 Accepted: 13 April 2015
References
1. Wirrell EC, Grossardt BR, Wong-Kisiel LCL, Nickels KC. Incidence and
classification of new-onset epilepsy and epilepsy syndromes in children in
Olmsted county, Minnesota from 1980 to 2004: a population-based study.
Epilepsy Res. 2011;95(1–2):110–8.
2. Akgül S, Oksüz Kanbur N, Turanlı G. Persistent déjà vu associated with
temporal lobe epilepsy in an adolescent. Turk J Pediatr. 2013;55(5):552–4.
3. Shorvon SD. Definitions and classifications of epilepsy. In: Shorvoin SD, editor.
Handbook of epilepsy treatment. Oxford: Blackwell Science; 2000. p. 1–15.
4. Burgerman RS, Sperling MR, French JA, Saykin AJ, Michael R, Jacqualine A,
et al. Comparison of mesial versus neocortical onset temporal lobe seizures:
neurodiagnostic findings and surgical outcome. Epilepsia. 1995;36:662–70.
5. Commission on Classification and Terminology of the International League
Against Epilepsy (ILAE). Proposal for revised classification of epilepsies and
epileptic syndrome. Epilepsia. 1989;30:389–99.
6. Van Paesschen W, Connelly A, Johnson CL, Duncan JS. The amygdala and
intractable temporal lobe epilepsy: a quantitative magnetic resonance
imaging study. Neurology. 1996;47:1021–31.
7. Ende GR, Laxer KD, Knowlton RC, Matson GB, Schuff W, Fein G, et al.
Temporal lobe epilepsy: bilateral hippocampal metabolite changes revealed
at proton MR spectroscopic imaging. Radiology. 1997;202:809–17.
8. Cendes F, Caramanos Z, Andermann F, Dubeau F, Arnold DL. Proton
magnetic resonance spectroscopy imaging and magnetic resonance
imaging volumetry in the lateralization of temporal lobe epilepsy: a series of
100 patients. Ann Neurol. 2004;42:737–46.
9. Ng TC, Comair YG, Xue M, So A, Majors A, Kolen H, et al. Temporal lobe
epilepsy: presurgical localization with proton chemical shift imaging.
Radiology. 1994;193:465–72.
10. Capizzano AA, Vermathen P, Laxer KD, Ende GR, Norman D, Rowley H.
Temporal lobe epilepsy: qualitative reading of 1H MR spectroscopic images
for presurgical evaluation. Radiology. 2001;218:144–51.
11. Fogarasi A, Jokeit H, Faveret E, Janszky J, Tuxhorn I. The effect of age on
seizure semiology in childhood temporal lobe epilepsy. Epilepsia.
2002;43:638–43.
12. Awad IA, Rosenfeld J, Ahl J, Hahn JF, Luders H. Intractable epilepsy and
structural lesions of the brain: mapping, resection strategies, and seizure
outcome. Epilepsia. 1991;32:179–86.
13. Park SW, Chang KH, Kim HD, Song IC, Lee DS. Lateralizing ability of single-voxel
proton MRS in hippocampal sclerosis: Comparison with MR imaging and
positron emission tomography AJNR. Am J Neuroradiol. 2001;22:625–31.
14. Hammen T, Schwaz Z, Doelken M, Kerling F, Engelborn T, Standlbauer A,
et al. 1H-MRS spectroscopy indicates severity markers in temporal lobe
epilepsy: Correlation between metabolic alterations, seizures, and epileptic
discharges in EEG. Epilepsia. 2002;48(2):263–9.
15. Ebnor A, Hoppe M. Non-invasive electroencephalogrpahy and mesial
temporal sclerosis. J Clin Neurophysiol. 1995;12:23–31.
16. Foldvary N, Klem G, Birgaman W, Najm I. The localization value of ictal EEG
in focal epilepsy. Neurology. 2001;57(11):2022–8.
17. Blume WT. Diagnosis and management of epilepsy. CMAJ. 2003;168(4):441–8.18. Garcia PA, Laxer KD, Van Der Grand J, Hugg JW, Matson GV, Weiner MW.
Correlation of seizure frequency with N-acetyle aspartate levels determined
by magnetic resonance spectroscopic imaging. Magn Reson Imaging.
1997;15:475–8.
19. Serles N, Caramanos Z, Arnoid DL, Gotman J, Lee R. Relation of interictal
spike frequency to 1H-MRS-measured NAA/Cr. Epilepsia. 1999;40:1821–7.
20. Maton B, Gilliam F, Sawrie S, Faught E, Hugg J, Kuzniecky R. Correlation of
scalp EEG and 1HMRS metabolic abnormalities in temporal lobe epilepsy.
Epilepsia. 2001;42(3):417–22.
21. Park SA, Kim GS, Lee SK, Lim SR, Heo K, Chang JW. Interictal epileptiform
discharges relate to 1H-MRS detected metabolic abnormalities in mesial
temporal lobe epilepsy. Epilepsia. 2002;43:1385–9.
22. Connelly A, Jackson GD, Duncan JS, King MD, Gadian DG. Magnetic resonance
spectroscopy in temporal lobe epilepsy. Neurology. 1994;44:141–7.
23. Connelly A, Van Paesschen W, Porter DA, Johnson CL, Duncan JS, Gadian DG.
Proton magnetic resonance spectroscopy in MRI-negative temporal lobe
epilepsy. Neurology. 1998;51:61–6.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
